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[57] ABSTRACT

An improved flameholder for a thrust augmentation
combustor includes a toroidal pilot gutter and inner and
outer radial gutters, all having U-shaped cross-section
and formed from a single piece of metal. The one-piece
formation enables design improvements and variations
which were not possible in the multiple piece construc-
tion of the prior art.

12 Claims, 6 Drawing Sheets
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1
ONE-PIECE FLAMEHOLDER

This application is a continuation of application Ser.
No. 07/719,402, filed on Jun. 24, 1991, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to a flameholder for use in a
thrust augmentor in a high performance jet aircraft

engine. In particular, the flameholder of the present 10

invention is designed and formed in a single piece of
metal.

FIG. 1 is a modified cross-sectional diagram of the
thrust augmentor section of a high performance jet
engine, usually used in military aircraft. It should be
noted that the figure is a modified cross section in that
the figure shows only structures which adjoin the cen-
tral cross-sectional plane, and does not illustrate struc-
tures which would normally be viewed beyond that
plane. The modified cross-section is used in FIG. 1 and
other cross-sectional figures in this application for sim-
plicity of illustration.

The thrust augmentation combustion chamber 10, or
augmentor chamber, which is illustrated in FIG. 1 is aft
of the engine turbine 12 and surrounds the engine tail
cone 22. The augmentation chamber 10 is enclosed by
an augmentation duct 14 which is typically a cylindrical
structure that contains the augmentor. The augmentor
duct 14 serves as a pressure vessel, confining the pres-
sures and directing the flow into the nozzle 25. Within

the augmentor duct 14 is arranged an augmentation
liner 16 which is a shield that provides thermal protec-
tion to the augmentor duct 14 and also acts as an acous-
tical damper. The augmentation liner 16 extends from
the aft end of the turbine to the exhaust nozzle 25. The
spacing of the augmentation liner 16 relative to the
augmentor duct 14 provides a separate flow of cool fan
stream air along the duct inner surface. This air is
picked up by the leading edge side of the augmentation
liner 16. The rear sheet-metal section of the anugmentor
duct 14 is extended aft of the liner to obtain a controlled
cooling air gap behind the liner for a greater distance.
Fuel is supplied to the augmentor by spray rings 18
which are circular in configuration and provide fuel to
air entering the augmentor chamber 10. A thrust aug-
mentor flameholder 24, also of circular design and an
igniter 20 are arranged behind the spray rings 18 to
create turbulence for mixing the fuel injected by the

spray rings 18 with the air entering the augmentor
chamber and to provide a specific location for combus-
tion which is ignited by the igniter 20.

FIGS. 2 and 3 illustrate a known construction tech-
nique for a thrust augmentor flameholder 24. The FIG.
2 view 1s an axial view of the flameholder 24 from the
air inlet end of the engine. FIG. 3 is a modified cross-
section taken along the lines illustrated in FIG. 2. The
known flameholder 24 includes a pilot gutter, or pilot
burner ring 26 which is toroidal in configuration and
comprises a U-shaped cross-section member with a
circular configuration around the engine axis. Radial
inner and outer gutters are formed on sub-assemblies 28
and 30 as shown in FIG. 3, wherein, typically, outer
radial gutter 32 1s joined to a saddle member 38 by weld
42 and inner radial gutter 36 is joined to saddle member
38 by weld 40. The sub-assembly 30 is then rivetted to
the pilot gutter 26 at seam 44 to create with sub-assem-

blies 28 at other locations as shown in FIG. 2 the flame-
holder assembly 24 shown in FIG. 2. The flameholder
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24 propagates combustion of the fuel entering from the
spray rings 18. In particular, the fuel injected by the
spray rings 18 impinges on the upstream side of the
flameholder 24, that is, from the left side as shown in the
view of FIG. 1. The atomized fuel flows around the
pilot gutter 26 of the flameholder 24 and is directed to
the eddy behind the pilot gutter 26 and carried to the
interior of the duct where the igniter 20 produces the
ignition of the pilot fuel-air mixture. The flame propa-
gates around the annular pilot burner ring and into the
inner and outer radial gutters.

It is an object of the present invention to provide an
improved flameholder design characterized by substan-
tially one piece construction, that can provide reduced

manufacturing cost and increased durability and perfor-
mance.

SUMMARY OF THE INVENTION

In accordance with the invention there is provided an
improved flameholder for a thrust augmentation com-
bustor which includes a toroidal pilot gutter having a
U-shaped cross-section and a plurality of inner and
outer radial gutters also of U-shaped cross-section and
projecting from the pilot gutter. The pilot gutter and
the radial gutters are formed of a single piece of metal
which may be either formed sheet metal or a cast metal
which is appropriately molded to form the gutters and
in addition to form rounded corners at the intersections
of the pilot gutter and the radial gutters.

In an i1llustrative embodiment of the invention, made

possible by the novel one piece construction, there are
provided a greater number of outer radial gutters than

mner radial gutters. Both the inner and outer radial
gutters can be arranged at equal or unequal angular
spacing around the pilot gutter. The inner radial gutters
are preferably alternating long and short inner radial
gutters. In the illustrative embodiment there are 24
outer radial gutters and 16 inner radial gutters.

For a better understanding of the present invention

together with other and further objects, reference is
made to the following description, taken in conjunction
with the accompanying drawings, and its scope will be
pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a modified cross-sectional diagram of a
thrust augmentor section of a high performance jet
engine according to the prior art.

FIG. 2 1s an axial view of a prior art flameholder
useful in the jet engine of FIG. 1.

FIG. 3 is a modified cross-sectional view of the FIG.
2 flameholder..

FI1G. 4 1s an axial view of a flameholder according to
the present invention.

FIG. S 1s a modified cross-sectional view of the FIG.
4 flameholder illustrating the construction of the radial
gutters.

FIG. 6 1s a modified cross-sectional view of the FIG.
4 flameholder showing the pilot gutter.

F1G. 7 is a modified cross-sectional view of the FIG.
4 flameholder showing the construction of one of the
inner radial gutters.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 4 1s an axial view from the engine intake side of
a preferred embodiment of a flameholder 48 according
to the present invention. Flameholder 48 is fabricated of
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a single piece of metal, such as sheet or cast Haynes 230
nickel alloy, to which one or more mounting flanges 54
have been formed or attached, such as by welding.

In flameholder 48, there is provided a pilot gutter 51,
outer radial gutters 52 and inner radial gutters 50, 56,
which are formed from a single piece of metal. This
construction not only reduces fabrication cost, by elimi-
nating the need for welding the radial gutter saddle
sub-assemblies 28 and 30 of the prior art flameholder 24,
as 1llustrated in FIGS. 2 and 3, but also provides the
ability to have different numbers of inner and outer
radial gutters, thereby providing for a more uniform
mixing of fuel and combustion air. In particular, by
using a larger number of outer radial gutters than inner
radial gutters, twenty four in the illustrated embodi-
ment, which are shorter than conventionally used, the
number of mixing and recirculation zones in the fan
flow stream of the augmentor combustion chamber can
be increased without the increase in blockage pressure
loss that would occur with twenty four long gutters,
thereby achlevmg an increase on the order of 0.6 to
1.0% maximum thrust. In the prior art flameholder 24
as shown in FIG. 2, the number of inner and outer radial
gutters was equal and twelve in number, due to the
saddle mounting configuration used in construction, as
shown in FIG. 3. Accordingly, the outer radial gutters
were longer to provide necessary fuel mixing and
thereby were closer to the augmentor liner 16 of FIG. 1.
Accordingly, the augmentor liner 16 was subjected to
the development of heat streaks in the area of propaga-
tion in the vicinity of the longer outer radial gutters,
thereby decreasing liner service lifetime. The shorter
outer radial gutters embodied in the present invention
result in heat propagation reaching the liner structure
further aft, where the cooling is more effective, thereby
increasing liner service lifetime.

Another advantage provided by the one piece con-
struction of the present invention is improved cooling
of the combustion side of the flameholder. In the prior
~ art structure, the flameholder is cooled by the engine
stream air which approaches the radial gutter assembly
from the left side as shown in FIG. 1. However, the
welded construction of the prior art gutters creates
discontinuities in the stress profile of the flameholder at
the interface between the gutters and the welds, thereby
providing a thermal barrier which reduces the air cool-
ing of the combustion side of the flameholder. Saddle
38, which i1s rivetted to the pilot gutter 26 provides an
additional thermal barrier which further reduces the air
cooling of the combustion side of pilot gutter 26,
thereby necessitating the use of a sprayed ceramic ther-
mal barrier coating to prevent over-heating of the gut-
ter mterior in the region of the saddles. Elimination of
the saddle construction eliminates the need for this
thermal barrner.

Furthermore, conventional welded gutter construc-
tion results in stress risers and alloy depletion associated
with welded joints. Fuel incidence on flameholders
induces localized high stresses, especially in areas of

thick welds in thin sheet metal joints operating at ex- 60

tremely high temperatures. The one piece construction
with integral gutters eliminates the stress risers charac-
teristic of prior art flameholders.

Furthermore, the present one piece integral construc-
tion permits design of flameholders with joints having
rate changes in radius and thickness which are set to
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meet stress requirements of the particular metal used in
the construction of the flameholder.

While there has been described what is belhieved to be
the preferred embodiment of the present invention,
those skilled in the art will recognize that other and
further modifications may be made thereto without
departing from the spirit of the invention, and 1t 1s in-
tended to claim all such changes and modifications as
fall within the true scope of the invention.

We claim:

1. In a gas turbine including a longitudinal axis an
improved flameholder for a thrust augmentation com-
bustor comprising a toroidal pilot gutter having a U-
shaped cross-section and a plurality of inner and outer
radial gutters having U-shaped cross-sections project-
ing from said pilot gutter, said pilot gutter and said
radial gutters being formed integrally in a single piece
of metal which is shaped to form said gutters and to
form rounded corners at the intersections of said pilot
gutter and said radial gutters, the axes of the radn of
curvature of said rounded corners being parallel to said
longitudinal axis of said gas turbine.

2. A flameholder as specified in claim 1, having se-
lectable rate changes in radius and thickness, whereby
the temperature induced stress profile of the flame-
holder is free from discontinuities.

3. A flameholder as specified in claim 2, wherein
there are a greater number of said outer radial gutters
than said inner radial gutters.

4. A flameholder as specified in claim 3, wherein said
outer radial gutters are at equal angular spacing around
said pilot gutter.

5. A flameholder as specified in claim 3, wherein said
inner radial gutters are circumferentially spaced around
said pilot gutter.

6. A flameholder as specified in claim 5, wherein said
inner radial gutters comprise predetermined size inner
radial gutters.

1. A flameholder as specified in claim 6, formed from
sheet metal.

8. A flameholder as specified in claim 6, formed from
a cast metal alloy.

9. An improved flameholder for a thrust augmenta-
tion combustor comprising a pilot gutter having a circu-
lar configuration about an axis, said pilot gutter having
a U-shaped circumferential cross-section which is open
in one axial direction, and a plurality of inner and outer
radial gutters formed integrally with said pilot gutter
out of a single piece of metal, said radial gutters having
U-shaped cross sections and being open in said one axial
direction, said radial gutters having rounded formed
corners at their respective intersections with said pilot
gutter, wherein said inner radial gutters comprise pre-
determined size inner radial gutters and said outer radial
gutters are circumferentially spaced about said pilot
gutter.

10. An improved flameholder as specified in claim 9,
wherein there are a specified number of said inner radial
gutters.

11. An improved flameholder as specified in claim 9,
wherein there are a greater number of said outer radial
gutters than inner radial gutters.

12. An improved flameholder as specified in claim 11,
wherein there are twenty-four outer radial gutters and

sixteen inner radial gutters.
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